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ABSTRACT 


This  investigation  was  designed  to  compare  the  accuracy 
of  rifles  equipped  with  telescopic  sights  of  high  (6x,  8x)  and 
low  (2. 5x,  4x)  powers  of  magnification,  when  targets  were  pre¬ 
sented  for  both  short  (2  seconds)  and  long  (8  seconds)  time 
intervals. 

Twelve  enlisted  subjects  fired  a  Kodiak  .  22  caliber 
magnum  semiautomatic  rifle  equipped  with  a  Bausch  &  Lomb 
"BALvar-8"  telescopic  sight. 

When  the  measurements  of  marksmanship  were  analyzed, 
no  significant  differences  were  found  between  the  various  powers 
of  magnification.  Time-to-fire  was  a  source  of  significant 
variation,  with  accuracy  superior  at  the  longer  time  interval. 


£ 

£ 

0) 

© 


•n 

n 

£ 

lx 


O 

m 

2 

m 

> 


-o 

C 

w 

•3 

o 

to 

m 

to 

C 

S 

s 

> 

73 

< 

r> 

> 

73 

O 


m 


o 


CONTENTS 


ABSTRACT . ill 

INTRODUCTION .  1 

PURPOSE  .  .  . .  1 

METHOD  .  3 

Subjects  . .  3 

Apparatus .  3 

Scoring . 3 

Procedure  .  3 

RESULTS  AND  DISCUSSION .  5 

SUMMARY . 12 

RECOMMENDATIONS . 12 

REFERENCES . 13 

ft 

FIGURES 

1.  Kodiak  Rifle  with  Bausch  &  Lomb  "BALvar-8" 

Telescopic  Sight  and  Adjustable  Mount  ...  2 

2.  Target  Mounted  on  Vertical  Support  .  .  .  .  4 

3.  Subject  In  "Ready"  Position .  6 

4.  Subject  in  Firing  Position .  7 

5.  Subject  Firing  on  25- Yard  Range .  8 


v 


6.  Mean  Shot  Group  Size  a  s  a  Function  of 
Magnification  and  Time  to  Fire  .  .  . 


10 


TABLES 

1.  Mean  Shot  Group  Size  in  Inches  for 


all  Subjects . . .  5 

2.  Summary  of  Analysis  of  Variance .  9 


vi 


A  COMPARISON  OF  TELESCOPIC-SIGHT  ACCURACY 
AS  A  FUNCTION  OF  MAGNIFICATION 
AND  TIME  TO  FIRE 


INTRODUCTION 

Modern  warfare,  with  its  increasing  use  of  high-accuracy  firearms,  int  nsifies 
the  need  for  sighting  devices  which  reduce  operator  error. 

A  rifle  locked  in  a  machine  rest  will  produce  a  shot  group  of  a  certain  size 
about  the  center  of  impact.  This  dispersion  is  caused  by  many  factors,  some  of 
which  are  inherent  characteristics  of  the  rifle;  others  are  caused  by  round-to-round 
variations  of  the  ammunition  and  ambient  conditions. 

Optimally,  the  sighting  device  will  hold  operator  error  to  narrow  limits  within 
the  normal  dispersion  characteristics  of  the  rifle  and  its  ammunition. 

The  telescopic  sight  is  one  of  the  most  sophisticated  devices  for  sighting  hand¬ 
held  weapons.  Although  it  is  relatively  delicate,  once  it  is  sighted- in  and  focused  for 
the  individual  user,  the  telescopic  sight  has  many  advantages  over  conventional  iron 
sights.  There  is  no  confusion  as  to  what  constitutes  a  proper  sight  picture,  and 
because  of  the  target-image  magnification,  the  user  has,  in  effect,  a  much  larger 
(or  apparently  closer)  target  to  fire  upon. 

Because  telescopic  sights  have  many  promising  features,  their  potential 
military  uses  deserve  investigation. 


PURPOSE 

This  study's  purpose  is  to  compare  the  accuracy  of  rifles  equipped  with 
telescopic  sights  of  variable  magnification,  when  targets  are  presented  for  short 
and  long  time  intervals. 
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Fig.  1.  KODIAK  RIFLE  WITH  BAUSCH  &  LO.M5  "BALvar- 
TELESCOPIC  SIGHT  ANT)  ADJUSTABLE  MOUNT 


METHOD 


Subjects 

Twelve  enlisted  men  assigned  to  the  U.  S.  Army  Human  Engineering  Labora¬ 
tories,  Aberdeen  Proving  Ground  (APG),  Md. ,  served  as  subjects  (Ss).  All  Ss  had 
fired  the  M-l  rifle  and  the  M-l  carbine  during  military  service  and  were  generally 
familiar  with  firearms.  Three  of  the  12  Ss  held  positions  on  the  APG  small-bore 
rifle  team. 


Apparatus 

A  Kodiak  .  22  caliber  magnum  semiautomatic  rifle  was  equipped  with  a  locally 
fabricated  adaptor  for  a  Bausch  &  Lomb  "BALvar-8"  telescopic  sight  and  its  mount 
(Fig.  1).  The  sight  was  continuously  variable  for  magnification  of  2. 5x  to  8x, 
with  intermediate  positions  for  4x  and  6x  magnification. 

All  firing  v  as  conducted  outdoors  from  a  range  of  25  yards.  The  target  con¬ 
sisted  of  a  1/4"  bull's-eye  surrounded  by  three  concentric  circles  of  7/8",  2  5/8", 
and  4  3/8"  outside  diameter.  The  two  outer  rings  were  7/16"  In  width,  the  inner¬ 
most  3/16";  all  were  painted  flat  black  on  heavy  brown  paper  (Fig.  2). 


Scoring 

Tlvc  measure  of  marksmanship  used  was  the  size  of  the  mean  radius  of  the 
shot  group,  in  inches;  i.  e. ,  the  smaller  the  radius  of  die  shot  group,  the  finer  the 
accuracy.  The  mean-radius  method  of  scoring  gives  a  measure  of  dispersion  as 
well  as  of  accuracy.  For  a  more  detailed  explanation  of  the  scoring  procedure,  see 
Karp  (1). 


Procedure 

Before  each  scored  run,  each  S  was  allowed  to  fire  as  many  practice  rounds 
as  necessary  to  acquaint  himself  with  the  time  interval  and  magnification  to  be 
tested.  After  practice,  each  S  fired  a  total  of  40  rounds  for  scoring  purposes.  Five 
rounds  were  fired  in  each  of  eight  conditions:  four  powers  of  magnification  (2, 5x, 

4x,  6x,  and  8x)  and  two  target-presentation  durations  (two  and  eight  seconds).  The 
target-presentation  duration  represented  the  time  available  to  fire.  The  orders  of 
magnification  and  time-to-fire  were  randomly  established. 
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At  die  sound  of  a  buzzer,  the  S  was  required  to  bring  the  rifle  from  a  port- 
arms  attitude  t  j  the  off-hand  firing  position,  acTiire  the  target,  and  squeeze  off 
one  aimed  shot  before  a  second  buzzer  indicated  the  end  of  the  firing  period.  The 
£>  would  then  lower  the  rifle  to  the  port-arms  position  and  wait  for  the  next  trial. 

In  the  event  the  S  had  difficulty  acquiring  the  target  (e.  g, ,  under  conditions  of  8x 
magnification  at  two  seconds,  when  acquisition  was  most  difficult)  and  fired  hastily 
only  to  get  the  shot  off,  he  was  given  another  trial  to  ensure  that  only  well-aimed 
shots  were  fired  for  scoring  (Fig.  3,  4,  and  5). 


RESULTS  AND  DISCUSSION 

Sin^c  •■he  experimenters  were  primarily  interested  in  dispersion  patterns 
rather  than  point  value  scores,  the  arithmetic  mean  center  of  a  shot  group  was 
calculated  to  be  its  center  of  impact. 

Table  1  presents  the  scores  for  tlme-to-fire  intervals  and  powers  of 
magnification  across  all  12  subjects. 


TABLE  1 


Mean  Shot  Group  Size  in  Inches  for  all  Subjects  (N  =  12) 


Time 

2  Seconds 

8  Seconds 

Magnifications 

2.  5x 

4x 

6x 

8x 

2. 5x 

4x 

6x  8x 

Mean 

2.66 

2.36 

2.75 

3.45 

1.53 

1.38 

1.76  1.52 

SD 

1.20 

.79 

1.16 

.94 

.84 

.52 

.81  .88 
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Fig.  3.  SUBJECT  IN  "READY"  POSITION 
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Fig.  4.  SUBJECT  IN  FIFING  POSITION 


Figure  6  illustrates  the  interaction  between  time  to  fire  and  power  of  magni¬ 
fication.  It  was  e  xpected  that  performance  would  be  poor  under  conditions  of  high 
magnification  (8x)  and  short  time  Interval  (2  .seconds).  This  assumption  was  proved 
correct.  Most  of  the  two-second  interval  was  spent  acqulringthe  target.  The  high 
power  of  magnification  tended  to  exaggerate  any  movement  due  to  tremor  or  poor 
breath  control,  and  the  S  had  difficulty  holding  on  the  target.  The  time  interval  was 
rather  short,  so  to  stay  within  the  time  limits  the  S  had  to  "snap  off"  the  shot,  still 
somewhat  uncertain  of  his  aim.  The  Ss  had  difficulty  locating  the  bull's-eye, 
apparently  because  of  the  small  field  of  view  of  the  sight. 

It  was  further  expected  that  at  long  time  intervals  (8  seconds',  with  high  powers 
of  magnification  (8x),  performance  would  be  superior  to  that  using  lower  powers  of 
magnification.  Tills  expectation  was  not  fully  confirmed.  Figure  6  shows  the  great¬ 
est  difference  in  size  of  shot  groups  as  a  function  of  target-presentation  duration. 

•  f 

An  analysis  of  variance  was  performed  on  the  data  with  snot-group  size  ss  a 
measure  of  marksmanship.  The  results  appear  in  Table  2, 


TABLE  2 


Summary  of  Analysis  of  Variance 


So.irce 

df 

Sum  of  Squares 

Mean  Squares 

F 

Time 

1 

38.00 

38.00 

90.48* 

Magnification 

3 

1.17 

.39 

- 

Subjects 

11 

39. 83 

3.62 

- 

Time  x  Magnification 

3 

7.41 

2.47 

82.33* 

Time  x  Subjects 

11 

4.61 

.42 

14.00* 

Magnification  x  Subjects 

33 

26.17 

.79 

26.33* 

Time  x  Magnification  x 

. 

Subject)' 

33 

1.09 

.03 

• 

TOTAL 

95 

113.28 

*  Significant  ut  .01  level. 
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Mean  Radii  of  Shot  Groups  in  Inches 


■Q  8  Seconds 


D 


Magnification 


Fig.  6.  MEAN  SHOT  GROUP  SIZE  AS  A  FUNCTION  OF 
MAGNIFICATION  AND  TIME  TO  FIRE 

I 
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It  can  be  seen  that  the  _F  for  powers  of  magnification  was  not  significant.  The 
£  value  for  lime-io-fire  intervals  (two  and  eight  seconds)  was  significant  at  the  .01 
level.  The  £  values  for  the  interactions  --  time  x  magnification,  time  x  subjects, 
and  magnification  x  subjects  --  were  significant  at  the  .01  level. 

It  ,s  possible  that  the  F  values  obtained  for  the  interactions  time  x  subjects 
and  magnification  x  subjects  derived  from  individual  differences  among  the  Ss  tested. 
The  ability  of  the  Ss  ranged  from  an  apparent  low  value  --  according  to  military 
marksmanship  ratings  —  to  a  proved  high  value  (as  evidenced  by  positions  on  the 
small-bore  rifle  team),  so  large  differences  were  to  be  expected. 

The  4x  power  of  magnification  gave  the  test  results  in  terms  of  shot- group 
size  at  both  time  intervals  (Fig.  6),  but  it  has  been  noted  that  the  JF  value  for 
powers  of  magnification  was  not  significant.  It  is  possible  that  the  comparatively 
short  range  (25  yards)  was  responsible  in  part  for  obscuring  any  differences 
attributed  to  magnification.  Another  possible  factor  was  the  rather  large  target  used. 
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SUMMARY 


This  investigation  was  undertaken  to  compare  the  accuracy  of  rifles  equipped 
with  telescopic  sights  of  high  (6k,  8x)  and  low  (2. 5x,  4x)  powers  of  magnification, 
when  targets  were  presented  for  both  short  (2  seconds)  and  long  (8  seconds)  time 
intervals. 

Each  of  the  12  Ss  fired  five  rounds  at  each  of  eight  sight-target  conditions  from 
a  Kodiak  .  22  caliber  magnum  semiautomatic  rifle  equipped  with  a  Bausch  &  Lomb 
"BALvar-8"  telescopic  sight  and  adjustable  mount.  The  sight  was  adjustable  to 
powers  of  2, 5x,  4x,  6x,  a  .d  8x  magnification.  The  Ss  fired  single  shots  during  each 
of  the  two  time  intervals  at  all  four  powers  of  magnification. 

When  the  measurements  of  marksmanship  were  analyzed,  no  significant 
differences  were  found  between  the  various  powers  of  magnification.  Time-to-fire 
was  a  source  of  significant  variance,  with  accuracy  superior  at  the  longer  time 
interval. 


RECOMMENDATIONS 

1.  Significant  differences  were  found  between  the  two  time-to-fire  intervals. 
An  investigation  should  be  made  of  accuracy  of  firing  at  time  intervals  with  a 
maximum  spread  of  four  seconds,  e.  g. ,  2  and  4,  2  and  6,  4  and  6,  4  and  8,  and 

6  and  8  seconds. 

2.  The  effect  of  a  unity-powered  sight  should  be  tested,  to  determine  if 

an  advantage  might  be  realized  by  using  a  telescopic  sight  without  the  introduction 
of  target-image  magnification. 

3.  The  effect  of  using  a  smaller-diameter  bull's-eye,  or  greater  firing 
distances,  should  be  investigated.  At  greater  distances,  any  differences  among 
various  powers  of  magnification  might  become  more  readily  apparent. 
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ATTN:  Dr.  D.  A.  Dobbina  1 

U.  S.  Military  Academy 
MPttL 

West  Point,  New  York 

ATTN:  LtCol  H.  A.  Buckley  1 

Technical  Library 
Aberdeen  Proving  Ground,  Md, 

Bldg.  313  1 

Technical  Library,  Branch  43,  DAPS 
Aberdeen  Proving  Ground,  Md. 

Bldg.  400  1 

Hq,  USA  Medical  RAD  Command 
Main  Navy  Building 
Washington  25,  D.  C. 

ATTN:  NP  A  PP  Rach  Br  1 


U.  S,  Navy  Electronics  Laboratory 
San  Diego  52,  Calif. 

ATTN:  Ch,  Human  Factors  Division  1 


RADC  (RASH) 

Grlffisa  AFB,  New  York  1 

HqESD(ESAT) 

L.  G.  Hanacom  Field 

Bedford,  Maas.  1 

AMO  (AMA) 

Brooks  Air  Force  Base,  Texas  1 

6570  AMRL  (MRP) 

Wright-  Patterson  AFB,  Ohio  2 


Civil  Aeromedical  Research  Institute 
Federal  Aviation  Agency 
Aeronautical  Center 
P.  O.  Box  1082 
Oklahoma  City,  Okla, 

ATTN:  PaycholBr  1 

Defense  Documentation  Center 
Cameron  Station,  Va.  10 

Office  of  Technical  Services 
Department  of  Commerce 
Waeldngton  25,  D,  C, 

ATTN:  Acquisitions  Section  2 

Dr.  William  Lybrand 

Special  Operation*  Research  Office 

The  American  University 

1405  Massachusetts  Ave, ,  N.  W, 

Washington  16,  D,  C.  1 


Commanding  Officer 
Naval  Research  Laboratory 
4th  ?■  Chesapeake  Sts. ,  S.  W. 
Washington  25,  D.  C. 

ATTN:  Code  5120  Engr  Psychol  1 

Code  5143A  Sy«  Atalysls  1 


Serials  Unit 
Purdue  University 

Lafayette,  Indiana  1 

UnlveraLy  of  Michigan 

Ann  Arbor,  Ml  chi  gin 

ATTN:  Dr.  Leonard  Uhr  1 


Minneapolis-Honeywell  Regulator  Co 
Military  Products  Group 
ATTN:  Mr,  Henry  Guttmann, 

Sr,  IIF  F.ngr 
600  2nd  Street  North 
Hopkins,  Minnesota  1 


Commanding  General 
USACDC  Combined  Arms  Group 
Fort  Leavenworth 
Kansas  66027  1 


American  Institute  for  Research 
1608  Adams  Mill  Road,  N.W. 
Washington  9,  D.  C. 

ATTN:  J.  T.  Hudson  1 

American  Institute  fnr  Research 
410  Amberson  Avenue 
Pittsburgh  32,  Pa. 

ATTN:  Library  1 


American  Institute  for  Aeeeerch 

Station  A,  P.0,  Box  11487 
Palo  Alto,  California  • 

ATTN:  Librarian  1 


American  Machine  A  Foundry  Co. 

11  Bruce  Piece 
Greenwich,  Conn. 

ATTN:  Human  Factors  Supv  1 

The  Franklin  Institute 

20O>  Sc.  b  Ben  Franklin  hrkway 

Philadelphia  3,  Pa. 

ATTN:  Electrical  Engr  library  1 

ITT  Laboratories 

500  Washington  Avenue 

Nutloy  10,  New  Jersey 

ATTN:  Human  Factora  Group  1 

Martin  Company 

Life  Sciences  Dept. ,  Engineering  Dlv. 
Baltimore  3,  Md. 

ATfN:  Dr.  Carl  C.  Clark  3 


The  Reaearch  Ana ly ala  Corporation 
6935  Arlington  Road 
Bethesda,  Md. 

ATTN:  Library  1 

Ritchie  b  Associates,  Inc. 

•  44  Ludlow  Street 

Dayton  2,  Ohio  1 

Dr.  D.  W.  Conover 
Mail  Zone:  6-169 
General  Dynamlcs/Convslr 
P.  O.  Box  1950 

San  Diego  12,  Calif.  1 

Mr.  Wealey  E.  Woodson 

Mail  Zone:  594-50 

General  Dynamlca/Astronautlca 

5001  Kearny  Villa  Road 

San  Diego  11,  CaUf.  t 

Hughes  Aircraft  Company 
Florence  Ave.  at  Teal  St. 

Culver  City,,  Calif. 

ATTN:  Engineering  Library  1 

Mr.  Loo  Bricker 
Personnel  Subsystems  Manager 
Sylvania  Electric  Products,  Inc. 
189  B.  Street 

Needham  Heights  94,  Mass.  1 


